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)RU UHGXFLQJ WKH HQHUJ\ ORVV FDXVHG E\ -RXOH KHDWLQJ LQ
HOHFWURQLFVLJQDOFLUFXLWVDOORSWLFDOVLJQDOSURFHVVLQJFLUFXLWV
DUH UHTXLUHG $V FRPSRQHQWV RI WKH QHZ FLUFXLWV RSWLFDO
PLFURUHVRQDWRUV ZKLFK FDQ VWRUH OLJKW DW D FHUWDLQ VSRW DUH
QHFHVVDU\$OWKRXJKYDULRXVPDWHULDOVVXFKDV6LOLFDRU6L1E
DUHFRQYHQWLRQDOO\XVHG>@VLQJOHFU\VWDOPDWHULDOVHVSHFLDOO\
&D) FRXOG EH WKH PRVW VXLWDEOH IURP WKH SHUVSHFWLYH RI
RSWLFDO SURSHUWLHV >@ )RU WKH SURGXFWLRQ RI &D) RSWLFDO
PLFURUHVRQDWRUVHWFKLQJLVLQDGHTXDWHWRREWDLQEXOJHVKDSHG




PLFURFUDFNV LQ 83&7 RI &D) ZKLFK SURSDJDWH GXH WR
EULWWOHQHVV GHWHULRUDWH SHUIRUPDQFH RI UHVRQDWRU 0RUHRYHU
VXEVXUIDFH GDPDJH UHVXOWLQJ IURP83&7 FDQ FDXVH D ORVV LQ
OLJKW DEVRUSWLRQ DQG SHUIRUPDQFH GHJUDGDWLRQ ,Q D SUHYLRXV
VWXG\ WKH 83&7 SHUIRUPDQFH RI &D) KDV EHHQ
H[SHULPHQWDOO\LQYHVWLJDWHGWRGHWHUPLQHWKHPRVWDSSURSULDWH
FXWWLQJ FRQGLWLRQ :KHQ WKH HQG IDFH ZDV VHW DV WKH 
SODQHD VPRRWK VXUIDFHZDVREWDLQHG >@ ,QDGGLWLRQ LWZDV
LQGLFDWHG WKDW D WRRO ZLWK D VKDUSHU QRVH UDGLXV FRXOG PDNH
83&7PRUHVWDEOHDQGUHGXFHVXEVXUIDFHGDPDJH>@,QWKLV
VWXG\ D WRROZLWK DPXFK VPDOOHU QRVH UDGLXVZDV XVHG DQG
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([SHULPHQWDOVHWXSDQGSURFHGXUH
83&7 RI &D) ZDV SHUIRUPHG E\ WKH XOWUDSUHFLVLRQ
DVSKHULFVXUIDFHPDFKLQH WRRO 8/*(7RVKLED0DFKLQH




FRQGLWLRQ VKRZQ LQ 7DEOH  ILQLVK FXWWLQJ ZDV FDUULHG RXW
7KHWRWDOGHSWKRIFXWZDVVHWDVPPWRSUHYHQWWKHWLOWLQJRI
ZRUNSLHFH DQG NHHS  QP DFWXDO GHSWK RI FXW DV PXFK DV
SRVVLEOH 7KLV SURFHGXUH FDQ SUHYHQW LQIOXHQFH RI URXJK
FXWWLQJ GDPDJH RQ ILQLVK PDFKLQHG VXUIDFH WRR )LJ  DQG
7DEOH  VKRZ WKH H[SHULPHQWDO VHWXS IRU WKH83&7 DQG WKH
VSHFLILFDWLRQVIRUWKHURXQGQRVHGLDPRQGWRROV,QDSUHYLRXV
ZRUN WKH FXWWLQJ SHUIRUPDQFH RI WRRO  DQG WRRO  ZHUH
LQYHVWLJDWHG,QWKLVVWXG\WKHFXWWLQJSHUIRUPDQFHRI7RRO
ZDVLQYHVWLJDWHGDQGWKHGLIIHUHQFHLQWKHVXUIDFHTXDOLW\ZDV
FRPSDUHG 7KH JHRPHWULHV RI WKHVH WRROV ZHUH PHDVXUHG E\
RSWLFDOPLFURVFRSHDQGVFDQQLQJHOHFWURQPLFURVFRSH6(0
,QRUGHUWRLQYHVWLJDWHWKHVXUIDFHURXJKQHVVZLWKUHJDUGWR
WKH FU\VWDO DQLVRWURS\ WKH HQWLUH F\OLQGULFDO VXUIDFH DIWHU
83&7ZDVREVHUYHG DW  LQWHUYDOV7KH VXUIDFH URXJKQHVV
ZDV PHDVXUHG E\ VFDQQLQJ ZKLWH OLJKW LQWHUIHURPHWU\
PLFURVFRS\,QDGGLWLRQWKHF\OLQGULFDOVXUIDFHDWWKHHQGIDFH
RIFRUUHVSRQGVWRIURPWKHF\FOHRIFU\VWDOVWUXFWXUH


















'LDPRQGWRROJHRPHWU\ 7RRO 7RRO 7RRO
1RVHUDGLXV>PP@   
5DNHDQJOH>@   
&XWWLQJHGJHDQJOHRQUDNHIDFH>@   
5HVXOWVDQGGLVFXVVLRQ
6XUIDFHURXJKQHVV
)LJXUH  VKRZV WKH UHVXOW RI VXUIDFH URXJKQHVV 6D RQ WKH
HQWLUH F\OLQGULFDO VXUIDFH WXUQHGZLWK HQG IDFH  $OO RI
WKHWRROVVKRZHGDVXUIDFHURXJKQHVV6DRIOHVVWKDQQPDW
LQWHUYDOVDQGLWGLGQRWFKDQJHVLJQLILFDQWO\,QDSUHYLRXV
VWXG\ ZKHUH 83&7 RI &D) ZLWK WKH HQG IDFH  ZDV
SHUIRUPHGLWZDVLQGLFDWHGWKDWWKHVXUIDFHURXJKQHVVGLGQRW
FKDQJH VLJQLILFDQWO\EHFDXVH WKH V\PPHWULF FU\VWDO VWUXFWXUH
DORQJ ZLWK WKH FXWWLQJ GLUHFWLRQ DGYDQWDJHRXVO\ GLVWULEXWHV
WKH FXWWLQJ IRUFH WRZDUGV WKH FOHDYDJH SODQH ZKLFK XVXDOO\
FDXVHV FUDFN LQLWLDWLRQ >@ (YHQ WKRXJK WKH VKDUSHU WRRO 
ZDV XVHG FOHDYDJH ZDV SUHYHQWHG EHFDXVH RI WKH VDPH
SULQFLSOHDQG WKHUHZDVQRWVXFKDELJGLIIHUHQFHDPRQJ WKH






)LJXUH D VKRZV WKH7(0PLFURJUDSKRI WKHPDFKLQHG
VXUIDFH DW SRLQW F 7R DQDO\]H WKH VXEVXUIDFH GDPDJH IDVW
)RXULHU WUDQVIRUP ))7 DQDO\VHV RI WKH 7(0 LPDJHV ZHUH
SHUIRUPHG DV VKRZQ LQ )LJ  E ))7 LPDJHV VKRZ WKDW 
W\SHV RIPDWHULDO OD\HUV H[LVW EHQHDWK WKHPDFKLQHG VXUIDFH
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5HJLRQ $ VKRZV D VLQJOH FU\VWDO OD\HU ZKLFK ZDV QRW
LQIOXHQFHG E\ WKH 83&7 5HJLRQ % DQG & VKRZ WKH FU\VWDO
OD\HU ZLWK GLIIHUHQW FU\VWDO RULHQWDWLRQV IURP WKH RULJLQDO
FU\VWDOSODQH%HFDXVHRI WKHGHIRUPDWLRQRI WKHVLQJOH
FU\VWDOOD\HUVE\83&7UHJLRQV%DQG&ZHUHFUHDWHG,QWKLV
VWXG\ UHJLRQV% DQG&ZHUH GHILQHG DV VXEVXUIDFH GDPDJH
DQGWKHVXEVXUIDFHGDPDJHGHSWKZDVPHDVXUHG,Q)LJF
LQYHUVH))7,))7DQDO\VHVZHUHDSSOLHGWRWKH))7DQDO\VHV
RI WKH 7(0 LPDJHV LQ RUGHU WR REVHUYH WKH FU\VWDO ODWWLFH
DUUDQJHPHQW ZLWKRXW WKH ORZ IUHTXHQF\ FRPSRQHQWV RI WKH
7(0 LPDJHV 7KH H[SHULPHQWDO UHVXOWV LQGLFDWHG WKDW
GHIRUPHG GLUHFWLRQV RI WKH FU\VWDO ODWWLFH DUUDQJHPHQW RI
UHJLRQV % DQG & ZHUH FRUUHVSRQGLQJ WR WKH GLUHFWLRQ RI WKH
VOLS V\VWHPV  >@ DQG  >@ >@ DQG VOLS










6XEVXUIDFHGDPDJHDWSRLQWV D WR IZDV LQYHVWLJDWHG IURP
WKH SHUVSHFWLYH RI FU\VWDO DQLVRWURS\ 6XEVXUIDFH GDPDJH
GHSWK ZDV PHDVXUHG E\  WLPHV DQG WKH HUURU EDU VKRZV
PD[LPXPDQGPLQLPXPYDOXHVLQ)LJ$VVKRZQLQ)LJ
WKH VXEVXUIDFH GDPDJH GLIIHUHG DFFRUGLQJ WR WKH REVHUYDWLRQ
SRLQWV FRPSDUHG WR WKH VXUIDFH URXJKQHVV )LJ  VKRZV WKH
7(0PLFURJUDSKRISRLQWD$V VKRZQ LQ)LJRQO\ZKHQ
WKH VXUIDFH RI SRLQW D ZDV PDFKLQHG WKH FXWWLQJ GLUHFWLRQ
FRUUHVSRQGHGWRZKLFKKDVVOLSV\VWHPVRI>@
DQG  >@+HQFHRFFXUUHQFHRIGLVORFDWLRQDORQJ WKH
FXWWLQJ GLUHFWLRQ LQ WKH VXEVXUIDFH ZDV HDVLHU DQG WKH
VXEVXUIDFH GDPDJH GHSWK ZDV VKDOORZHU FRPSDUHG WR RWKHU
PDFKLQHGVXUIDFHV,QWKH83&7RI&D)ZLWKHQGIDFH
VXUIDFH URXJKQHVV GLG QRW FKDQJH EHFDXVH FOHDYDJH ZDV
SUHYHQWHG 5HJDUGLQJ VXEVXUIDFH GDPDJH VOLS V\VWHP ZDV D
GRPLQDQWIDFWRUIRUVXEVXUIDFHGDPDJHGHSWKZKLFKLQGLFDWHG














PDFKLQHG VXUIDFH DW SRLQW D ZLWK WRROV   DQG  7KH
VXEVXUIDFH GDPDJH GHSWK ZLWK WRRO  ZDV VKDOORZHU
FRPSDUHGWRWRRODQGWRRO7RROFRQWDFWOHQJWKZKLFKLV
VKRZQLQ)LJLVJLYHQE\(TXDWLRQ
7KH WRRO FRQWDFW OHQJWKV ZHUH PP 7RRO  PP
7RRODQGPP7RRO$GHFUHDVHLQWKHWRROFRQWDFW
OHQJWK ZKLFK LQIOXHQFHV RQ SODVWLF GHIRUPDWLRQ UHJLRQ ZDV







)RU WKH SURGXFWLRQ RI &D) RSWLFDO PLFURUHVRQDWRUV WKH
LQIOXHQFHRIQRVHUDGLXVRQWKHVXEVXUIDFHTXDOLW\LQ83&7RI
VLQJOHFU\VWDO &D) ZDV H[SHULPHQWDOO\ LQYHVWLJDWHG 7KH
IROORZLQJUHVXOWVZHUHREWDLQHG
:LWKWRRODVXUIDFHURXJKQHVV6DRIOHVVWKDQQP
ZDV REWDLQHGZLWKRXW IRUPDWLRQ RI DQ\ FUDFNV&RPSDUHG WR
WRRODQGWRRODVKDUSHUQRVHUDGLXVGLGQRWLQIOXHQFHWKH




E\ F\OLQGULFDO WXUQLQJ DQG D GHIRUPHG OD\HU )URP WKH
GHIRUPHGOD\HULWZDVLQGLFDWHGWKDWGLVORFDWLRQLQVXEVXUIDFH
RFFXUUHGLQWKHGLUHFWLRQRIVOLSV\VWHP
 &RPSDUHG WR WKH UHVXOWV RI VXUIDFH URXJKQHVV
VXEVXUIDFH GDPDJH GHSWK RQ WKH F\OLQGULFDO VXUIDFH YDULHG
DFFRUGLQJWRWKHFU\VWDOSODQH7KLVLQGLFDWHGWKDWVOLSV\VWHP
ZDV D GRPLQDQW IDFWRU LQ VXEVXUIDFH GDPDJH DQG ZKHQ WKH
FXWWLQJ GLUHFWLRQ FRUUHVSRQGHG WR WKH VOLS SODQH VXEVXUIDFH
GDPDJH ZDV VKDOORZ ,Q DGGLWLRQ VXEVXUIDFH GDPDJH ZDV
UHGXFHGE\ XVLQJ WRRO EHFDXVH WRRO FRQWDFW OHQJWKZKLFK
LQIOXHQFHVRQSODVWLFGHIRUPDWLRQZDVVKRUWHQHG
)URP WKHVH UHVXOWV LW LV VKRZQ WKDW VXEVXUIDFH GDPDJH
H[LVWV DURXQG WKH ZKROH ZRUNSLHFH ,Q IXWXUH ZRUN UHODWLRQ
EHWZHHQ VXEVXUIDFH GDPDJH DQG SHUIRUPDQFH RI PLFUR
UHVRQDWRUVZLOOEHLQYHVWLJDWHG
$FNQRZOHGJHPHQWV
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